Establishing the water balance developed by the International Water Association (IWA) is a worldwide applied approach to determine and analyse water losses in water distribution systems (WDS). The water balance covers those parts of a WDS within the responsibility of the water utility. Water losses occurring 'before' a customer meter are at the expense of the utility, while water lost or wasted 'after' the meter is paid for by the customer. This applies to systems where customer metering is in place and/or consumption is charged according to the consumed volumes. However, many WDS in the world lack customer meters, are operated intermittently and apply flat-rate tariffs. In intermittent supplies, a considerable amount of water is lost or wasted within the private properties. The flat-rate tariff might not cover this amount or part of the amount. Thus, actual consumption and wastage should be separately quantified with respect to the utility's water reduction measures. Accepting the described conditions, the authors have developed an adaption of the IWA water balance and the methods to establish the balance. In this paper the application of the developed approach in an initially unmetered WDS with intermittent water supply in the city of Tiruvannamalai, India, is presented.
INTRODUCTION
The water balance introduced by Lambert & Hirner () of the Water Loss Task Force of the International Water Association (IWA) is a worldwide applied approach to assess water losses in a water distribution system (WDS) or district metered area (DMA); see, for example, US EPA (). The IWA balance covers those parts of a WDS within the responsibility of the water utility. The share of system input volume supplied to the billed customers, which is termed billed authorised consumption, is assumed to be paid for and thus to equal the volume of revenue water.
The volume of non-revenue water comprises the volumes of unbilled authorised consumption and water losses, which are split into apparent and real losses along with their subcomponents (Lambert & Hirner ) . Thus, the standard IWA balance is based on the assumptions that customer metering is in place and/or water consumption is charged according to the consumed volumes and therefore, water lost or wasted 'after' the customer meter is at the expenses of the customers.
The conditions in a WDS might differ from the assumptions on which the standard IWA water balance is based. Butler & Memon ; Klingel ). As flat-rate tariffs are either based on fixed volumes or other characteristics like the diameter of the service connection or the size/value of the property, these tariffs might not cover the total amount or part of the wasted or lost water volumes (Raghupati & Foster ) . Thus, the actual consumption and wastage should be separately quantified or estimated with respect to the utility's water reduction measures and the calculation of revenue water. The IWA water balance and the modifications published so far are not appropriate for the described case.
Therefore, an adapted water balance for the application for WDS facing the above described constraints has been developed by the authors (Mastaller & Klingel ) . This paper presents the application of the adapted water balance and the methods to determine the balance components for an initially unmetered DMA with intermittent water supply in the city of Tiruvannamalai, Tamil Nadu, India. First, the case study is introduced, including the relevant boundary conditions regarding the establishment of a water balance. In the third section, the water balance adapted to these conditions is introduced and the methodology for determining the balance components is presented and applied for the case study. The fourth section presents and discusses the results of the adapted water balance. Finally, a conclusion is given in the last section. In scenario 2, customers pay for more water than they are supplied with (Q RW > Q BS ). The amount of water consumers are not supplied with but pay for is defined as Excess Revenue Water Q ERW (Q ERW ¼ Q RW -Q BS ). In scenario 3, consumers pay for less water than they are supplied with (Q RW < Q BS ). The supplied water consumers did not pay
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for is called Billed Non-Revenue Water Q BNRW (Q BNRW ¼ Q BS -Q RW ).
System Input Volume Q SIV
The System Input Volume Q SIV should be measured comprehensively and corrected for known meter inaccuracies. In order to determine Q SIV of the DMA, a monitoring system was set up. At Thamarai Nagar ESR, a mechanical bulk meter connected to a data logger (Zenner WPH-I) was installed at the inlet pipe of the tank together with a water level recorder (OTT Orpheus Mini) and an ultrasonic flow measurement device (SebaKMT UDM 200-M) at the outlet pipe ( Figure 3 ). This equipment allows for determining the system input and tank overflows at the reservoir. Another ultrasonic flow measurement device was installed at the outlet pipe of Anna Nagar OT, measuring the system input into the DMA.
Flat-Rate Billed Authorised Supply Q BS
Full coverage with meters of the initially unmetered DMA was not possible for financial, social and political reasons.
Hence, only a representative and random sample of households is equipped with meters (Zenner single-jet dryrunning meters) at the service connections to estimate Flat-Rate Billed Authorised Supply Q BS using statistical sampling methods (Figures 1 and 3 ). An accurate calculation of the adequate sample size is not possible due to the explorative nature of the method. However, a sample of 
The total Flat-Rate Billed Authorised Supply Q BS is estimated by multiplying the total population N, for example, the total number of service connections in the DMA, with either the mean value b Y obtained by simple sampling or post-stratified sampling, see Equation (3). Afterwards, the estimated values can be evaluated using variance, standard deviation and confidence intervals. Mastaller & Klingel () describe the application of the statistical sampling methods in more detail.
With the mean per household capita supply volume of the sample, the Flat-Rate Billed Authorised Supply Q BS was estimated for the balancing period using the two statistical methods simple sampling and post-stratified sampling, see Equations (1) Wastage Q BSW are then estimated, applying the statistical approach described in the previous section. Water Q BNRW in scenario 3, see Equation (9).
RESULTS AND DISCUSSION
The adapted water balance of the DMA is established for With the fixed Flat-Rate Volume Q FR ¼ 7.5 m³, the number of customers N C ¼715 and the duration of the balancing period in month t ¼ 2.73, Revenue Water Q RW can be calculated to 14,658 m³ (27%), using Equation (6).
Thus, considerably more water is supplied to the customers than they are billed for by the flat-rate tariff (Q BS > Q RW , scenario 3). The supplied water consumers did not pay for, the component Billed Non-Revenue Water Q BNRW , is 17,321 m³ (Equation (9)). The total volume of Non-Revenue Water Q NRW adds up to 39,035 m³ (73%), of which 44% is due to the inadequate flat-rate tariff applied.
It has to be noted that the quantification of the water losses using the top-down calculation of the water balance 
